Purpose The present study was designed to investigate the underlying mechanism of cytotoxic and pro-apoptotic potential of ethyl-p-methoxycinnamate (EPMC) and its hydrophilic derivative potassium-p-methoxycinnamate (KPMC). Methods EPMC was isolated from Kaempferia galanga extract and its ethyl chain was replaced with potassium by KOH reflux to synthesize KPMC. The anti-proliferative effect of EPMC and KPMC was evaluated in six cancer cell lines and two normal cell lines by MTT assay. The inhibitory effects of the test compounds on colony formation, cell migration, chromatin condensation and mitochondrial membrane potential was further investigated in HCT-116 cells whereas their effect on caspase 3, 7, 8 and 9 activities was studied in HCT-116 and PC-3 cells. Results EPMC exhibited significant antiproliferative effect in all six cancer cell lines with maximum cytotoxicity against HCT-116 cells (selectivity index > 6). Our results showed significant inhibition of cell migration and colony formation in EPMC-treated colorectal carcinoma cells (HCT-116) when compared to the normal colon fibroblasts (CCD-18co). It exhibited dose dependent chromatin condensation and loss of mitochondrial membrane potential with subsequent induction of caspase 3/7 activity. KPMC did not inhibit the proliferation of either cell lines in MTT assay. Moreover, the cell migration, colony formation and caspase induction in KPMC-treated cells was comparable with the negative control. Conclusion The replacement of alkyl chain in EPMC by potassium resulted into the loss of cytotoxic and pro-apoptotic effects of EPMC.
Introduction
Cancer has been a major concern in most of the research that has been published in the past decade under the umbrella of molecular biology, medicine and synthetic chemistry [1] [2] [3] . A wide range of novel compounds and their metallic complexes have been reported recently for their anticancer and proapoptotic potential [2, [4] [5] [6] [7] [8] [9] . Although most of the candidates for future anti-cancer medications are synthetic in nature, the significance of the natural cytotoxic compounds cannot be ignored. The herbal constituents are generally considered safer than the synthetic compounds [10] [11] [12] . However, the limitations associated with most of the natural constituents include mildness of their pharmacological potential that precipitates into a much higher dose requirement. The biological effects of anti-cancer drugs could be a function of their alkyl chain length where increasing the chain length could result into a higher lipophilic character with an improved uptake of the drug into the cell [13, 14] . Hence, increasing the chain length could be a tool to improve the pharmacological potential of the natural constituents.
Ethyl-p-methoxycinnamate (EPMC) is a trans derivative and an important phytoconstituent of Kaempferia galanga rhizomes that exhibits profound mosquito-repellent, nematicidal, anti-tuberculosis and anti-fungal effects [15] . K. galanga rhizomes have been used in traditional medicine to treat swelling and toothache since long ago, however it is recently reported that the anti-inflammatory and analgesic effects of K. galanga extracts is mainly contributed by EPMC [16] . The cytotoxic effects of crude K. galanga extracts were reported a few decades back [17] [18] [19] [20] and the extracts were found to exert their anti-proliferative effect by inhibiting early tumor promotion stages. Likewise, Kirana and colleagues reported the cytotoxic effect of K. galanga extracts in HT-29 and MCF-7 cells [21] . However, it was reported for the first time in 2010 that the cytotoxic potential of K. galanga is contributed by EPMC in Hep G2 cells via induction of apoptosis [22] .
The pro-apoptotic effect of a drug can be contributed by its ability to induce the activities of specific enzymes that are referred to as caspases. Caspases are not only confined to the apoptotic pathways, instead these enzymes are equally involved in the inflammatory process [23] , as both these processes are influenced by some common gene transcription factors such as NF-κB (nuclear factor kappa B) [24] . We have recently reported that EPMC exhibit significant anti-inflammatory and anti-angiogenic effects via inhibiting COX-1, COX-2, TNF-α, IL-1 and endothelial cell functions, respectively [25, 26] . Thus, the involvement of caspase pathway could be a reason of the cytotoxic effect of EPMC. To the best of our knowledge, the effect of EPMC on caspase pathways was not investigated up till the commencement of the present study. Moreover, there was a need to investigate the cytotoxic potential of EPMC in various cancerous and normal cell lines to attest its selective efficacy in cancerous cells.
Cytotoxic properties of a drug could be a function of its hydrophilic or lipophilic character, a change in the alkyl chain could affect the cytotoxic properties of EPMC significantly. Owing to this fact, an attempt has been made in the present study to alter the alkyl chain (CH 3 -CH 2 -) of EPMC by synthetically modifying it to its potassium salt, potassium-p-methoxycinnamate (KPMC) which may further facilitate the attachment of various alkyl or aryl groups of interest as a substitution of ethyl group in EPMC (Scheme 1).
Results and Discussion

Chemistry
The rhizomes of Kaempferia Galanga L. along with vegetative parts were collected from the Kedah state of Malaysia. A finely grinded dry powder (dried at 45 °C) was subjected for isolation of ethyl-p-methoxycinnamate (EPMC) in an evidence based sequential way as described earlier by Umar and co-workers [27] . According to this protocol chloroform fraction of dried plant material showed the best biological potential (anti-inflammatory) which was further fractionated by using chloroform/n-hexane mixture at different proportions. Each sub-fraction was then tested again for bioactivity and one of them showed the best results and yielded a pure compound EPMC in a reasonable yield after further fractionation by n-hexane and chloroform. In the current research EPMC was isolated and purified by adopting the same reported procedure. The isolated and purified ethylp-methoxycinnamate (EPMC) was reacted with potassium hydroxide (KOH) in dry Tetrahydrofuran (THF) at room temperature for a period of 1 h. The reaction mixture was then refluxed for 12 h and finally cooled to room temperature (Scheme 1). On cooling in ice bath, the precipitates started to settle at the bottom of the flask. The solvent was decanted and precipitates were washed with cooled diethyl ether (3 × 5 mL). The precipitated compound was re-crystalized by THF/diethyl ether solvent system and dried at 60 °C to obtain white fluffy material. The material was dissolved thereafter in distilled water (0.5 mL) and filtered through celites (545) to obtain a clear solution. The aqueous solution was evaporated by heating to obtain the required compound KPMC as a white powder (0.42 g, 80% yield). The melting point of KPMC was found out to be more than 250 °C that was many fold higher than EPMC (m.p., ~ 49 °C). The increased melting point indicated the possible formation of required salt. The purified salt KPMC was further reacted with alkyl or aryl halides of interest (hexyl bromide, octyl bromide and benzyl bromide) to prepare newer derivatives of EPMC. However, all the efforts to prepare the desired compounds by designated route failed. Hence, only KPMC was further characterized by FT-IR ( Fig. 1 ) and NMR spectroscopic techniques ( Fig. 2 and Figure S1 -S3).
FT-IR spectral features of EPMC and KPMC were collected by KBr disc method. The labelled spectra have been shown in Fig. 2 . Figure shows that after replacement of ethyl group (in EPMC) by potassium (in KPMC) the carbonyl carbon peak shifted to lower frequency (from 1704 to 1637 cm −1 ) [28, 29] . Also, the vibrational patterns in the range 1300-1600 cm −1 significantly changed in KPMC compared to EMPC. This might be due to different electronic effects induced by potassium carboxylate head in KPMC than compared to EPMC. The aromatic (sp 2 C-H, range 3000-3050 cm −1 ) as well as alkyl (sp 3 C-H, range 2840-2980 cm −1 ) stretching vibrations sustained in both the compounds [30, 31] . Furthermore, due to the higher affinity of KPMC towards water, the water peak appeared at 3401 cm −1 , even though the sample was well dried before collecting FT-IR. This peak was not observed in EPMC due to its aversion towards water since EPMC is completely insoluble in water.
In the 1 H NMR spectrum of KPMC, the chemical shifts for the ethoxy group, a triplet at 1.3 (CH 3 ) and a quartet at 4.3 (CH 2 ), were found to be absent that indicated the replacement of ethyl group with the potassium ion as shown in scheme 1. The rest of the chemical shifts sustained (see supplement file, Figures S1-S2 ), indicating the presence p-methoxy cinnamate (the rest part of the molecule). Interestingly, the chemical shift patterns of aromatic Scheme 1 Shows synthesis of potassium-p-methoxycinnamate and further derivatives of ethyl-p-methoxycinnamate by reaction KPMC with alkyl/aryl halides of interest 1 3
and alkene protons changed. In the 1 H NMR spectrum of EPMC the benzene ring chemical shift appeared in between the alkene chemical shifts, however, in KPMC two benzene ring chemical shifts are sandwiching an alkene chemical shift. It can be seen from the spectrum that alkene proton chemical shift (2) has moved upfield in KPMC compared to this chemical shift in EPMC. This can be clearly seen in Fig. 2 . This effect can also be seen in 13 C NMR spectrum of KPMC where the same alkene carbon (2) chemical shift moved 6 δ ppm downfield (appeared at 122.0 δ ppm) compared to this chemical shift in EPMC (116.0 δ ppm) Figure S3 .
Furthermore, in 13 C NMR spectrum of KEPMC, the signals for the ethyl group were also found absent that further confirmed the replacement of ethyl group with the potassium as show in the Scheme 1. These signals appeared at 14.5 and 60.3 δ ppm in EPMC 13 C NMR spectrum. Most importantly, the carbonyl carbon chemical shift which appeared at 167.2 δ ppm in EPMC, moved downfield (175.9 δ ppm) in its potassium salt, KPMC.
Pharmacological Evaluation
The length of alkyl chain in a cytotoxic drug not only imparts lipophilic character to that particular drug molecule, it may enhance its cytotoxic potential by improving H NMR spectra of EPMC and KPMC indicating the observable changes in the aromatic region. The label "Arom" has been shortened for "Aromatic". The full NMR spectra have been provided in supplementary file ( Figures S1-S3) its penetration into the cell [32] . We have reported the anti-inflammatory and anti-angiogenic properties of EPMC [25, 26] , a moderate cytotoxic compound with a short alkyl chain that has an ethyl group. The present study was therefore designed to investigate the impact of alkyl chain (ethyl group) on the cytotoxic potential of EPMC in six human cancer cell lines including MCF-7, HT-29, HCT-116, U-937, PC-3, K-562 and two normal cell lines including RGC-5 and CCD-18co. The median inhibitory concentration (IC 50 ) of the compounds for the above mentioned cell lines is given in the supplementary file (Table S1 ) whereas the images of the cells taken after 48 h of treatment are shown in supplement file Figure S4 . EPMC exhibited moderate cytotoxic effect in PC-3 and HCT-116 cells (IC 50 = 39.0 and 42.1 μg/mL respectively). The selective index was found to be 6.25. A drug with SI value more than 3.0 is generally considered to be safe for the normal cells [33] , hence it was assumed that EPMC exhibit selective cytotoxic properties in HCT-116 cells.
The alkyl groups within a molecule contribute to its overall lipophilic character. An increase in the lipophilic character usually imparts better cytotoxic properties by improving the penetration of the drug across the cellular membranes [34] . Addition of alkyl groups or increasing the alkyl chain length has resulted into an improved cytotoxic potential of the drugs [35, 36] . Conversely, the replacement of ethyl group by potassium in KPMC significantly decreased its lipophilicity with a marked decline in its cytotoxic properties. The cytotoxicity of KPMC was significantly less than that of EPMC with IC 50 values of 88.1 and 94.6 µg in PC-3 and HCT-116 cells respectively. These findings suggested a possible role of alkyl chain in the cytotoxic potential of EPMC. However, our findings were in disagreement with a recent study where the hydroxy derivative of EPMC showed improved cytotoxicity [37] .
In clonogenic assay, EPMC showed significant inhibition of colony formation in HCT-116 cells (Fig. 3a) as compared to KPMC where the mean plating efficiency of EPMC and KPMC was 7.8 and 341.3 at the concentration of 200 µg respectively (Fig. 3b) . EPMC also inhibited the migration of HCT-116 cells (in scratch wound assay) more profoundly than KPMC. After 12 h of marking a scratch, the gap was filled only up to 28% in cells treated with 200 µg EPMC. However, the scratch was filled up to 80% in KPMC treated cells (Fig. 3c, d) . The results indicated that KPMC was not that much efficient as EPMC in inhibiting the cell motility.
The inhibition of MTT, clonogenic and cell migration assay by EPMC insisted a further mechanistic investigation to evaluate the underlying mechanism behind its cytotoxic effect. For that purpose HCT-116 cells were subjected to DNA staining (Hoechst 33342 staining) to detect chromatin condensation in treated cells. Hoechst stain is a blue fluorescent dye that accumulates in the cell nuclei and binds with the minor grooves of double stranded DNA molecule [38] . As the cells undergo apoptosis, their chromatin material becomes condensed and fragmented which can be visualized by Hoechst staining using a fluorescent microscope. Figure 4a shows the chromatin condensation in the cells treated with the two test compounds and stained thereafter with Hoechst 33342 dye. The nuclear condensation characteristic of apoptosis is quite evident from the images of the cells treated with EPMC and KPMC where the number of apoptotic cells increased dose dependently after treatment with graded doses of the test compounds. Although both EPMC and KPMC showed a significant number of apoptotic bodies, the apoptotic index (AI) of KPMC was significantly lower than that of EPMC (p < 0.001).
The results from Hoechst staining suggested the possible involvement of apoptotic pathways in the cytotoxic effect of EPMC. To further evaluate the modulating effect of the test compounds on mitochondrial membrane potential, the cells treated with the test compounds were subjected to rhodamine 123 staining and the uptake of this lipophilic cationic dye by mitochondria was visualized by a fluorescence microscope. Rhodamin 123 is a positively-charged probe that accumulates extensively in the mitochondria of living cells [39] . However, the decrease in mitochondrial membrane potential results into the reduced uptake of rhodamine 123 dye and consequently the florescent signal reduces exponentially when the mitochondrial membrane potential decreases. The photomicrographs of the rhodamine 123 stained cells are shown in Fig. 4b . Both EPMC and KPMC exhibited loss of mitochondrial membrane potential in treated HCT-116 cells when compared with control, however the AI of KPMC was significantly lower as compared to EPMC (p < 0.001, Fig. 4c, d) , suggesting a relatively more profound pro-apoptotic potential of EPMC.
To investigate the possible involvement of the caspase pathway in EPMC mediated cell death, both HCT-116 and PC-3 cells pre-treated with the test compounds were subjected to FAM-FLICA caspase activation assay. Figure 5a , b shows the fluorescence emitted by the dye in the apoptotic PC-3 and HCT-116 cells respectively after treatment with EPMC, KPMC and betulinic acid (reference apoptotic compound) whereas Fig. 5c represents % increase of caspase activity in the cells by the test compounds. EPMC showed a significant induction of caspase 9, caspase 8 and caspase 3/7 in both PC-3 and HCT-116 cells, however caspase 9 was the most induced enzyme. At the concentration of 200 µg, the increase in caspase 9 activity in HCT-116 and PC-3 cells was 57.9 and 44.3% respectively when compared to control. KPMC failed to induce the caspase enzymes in both the cell lines up to a significant level and the % induction of the caspases was less than 10%.
The increased activity of caspase 9 in the cells treated with EPMC was more likely because of the changes in the mitochondrial membrane potential (∆Ψ) by opening mitochondrial permeability transition pore. This led to the leakage of mitochondrial contents such as cytochrome c from the inter-membrane space into the cytosol. Although EPMC exerted its pro-apoptotic effect by mitochondrial dependent pathway, it is evident from the results of the present study that the activity of caspase 8 was also significantly increased in the cells after 8 h of treatment with EPMC. The possible justification of the increased activity of caspase 8 could be the activation of death domain receptors by TNF-α independent mechanism. Such induction of both caspase 8 and caspase 9 is also evident from other anti-inflammatory drugs such as synthetic RGD sequenced peptides [40] which are inhibitors of TNF-α at the same time [41] .
Caspase 3 and 7 are the executioner enzymes and their activation results into the degradation of nuclear material and cytoskeletal proteins. EPMC induced both caspase 9 (intrinsic pathway) and caspase 8 (extrinsic pathway) in the treated cells that further increased caspase 3/7 activity with subsequent apoptotic cell death. When compared with EPMC, the induction of caspase activity in KPMC treated cells was significantly lower. The replacement of alkyl chain by potassium in KPMC precipitated into a poor penetration of the drug that contributed to this significant loss in the cytotoxic and pro-apoptotic potential of KPMC. Our findings strongly suggest the involvement of the alkyl chain and the lipophilic character of EPMC in its pharmacological potential.
Conclusions
Potassium-p-methoxycinnamate (KPMC) was derived from ethyl-p-methoxycinnamate (EPMC) by a simple reaction with potassium hydroxide. The derived compound was found to be readily soluble in water and was characterized by FT-IR and NMR techniques before pharmacological testing. The results demonstrate that EPMC remained much active compared to KPMC. This shows that in EPMC either ester group is playing a pharmacological role or lower polarity (that in not available in KPMC) is responsible for a profound pharmacological activity compared to KPMC. The replacement of alkyl group by potassium resulted into a significant loss of the cytotoxic and pro-apoptotic effects of EPMC. 
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Represent apoptotic index of EPMC, KPMC and BA for the chromatin condensation and loss of mitochondrial membrane potential respectively. *, ** and *** represent statistical significance of treatment groups at p < 0.05, p < 0.01 and p < 0.001 respectively when compared with control group 
